Abstract. Biomass direct combustion for electricity is the most widely applied and developed biomass conversion and utilization technology, but due to the high content of alkali metals, it will cause deposition and high temperature corrosion of heating surfaces in boiler during biomass combustion, thus reduces the efficiency and influences the long-time safe operation of the boiler. Alkali metals problem especially deposition and high temperature corrosion is urgently need to be solved. A review of literature indicates ash deposition and high temperature corrosion of heating surfaces in biomass-fired boilers, combined engineering practice with experimental study, explored the mechanism of deposition build-up and high temperature.
Introduction
The feasibility of biomass boiler mainly depends on its impact on ash deposition. Deposition reduces the heat transfer efficiency, and is considered as an important problem challenging the development of biomass-combustion technology [1] . In the present work, all experiments were performed in a 25 kW down flow one-dimensional combustor under well-set and reproducible conditions. A temperature-controlled deposition probe was self-developed and employed to collect deposit samples for further analyses like composition, morphology, size, etc. Firstly, the effect of probe surface temperature on ash deposition during biomass combustion was investigated, in which 550, 600 and 650℃ were carefully selected here in order to meet the increasing steam temperature of biomass boiler in practice. It was found that the low surface temperature enhances the condensation and deposition of vapor-phase species as well as the thermophoresis-driven deposition of nucleated ultrafine particles, which is termed as condensation-nucleation mechanism. Meanwhile, the high surface temperature enhances the adhesion or sintering ability of the deposited particles because the occurrence of melting and is termed as impact-melting mechanism. The lowest ash deposition at 600℃ of biomass fuels can be explained by the competing between these two mechanisms [2] . In addition, the 600℃ well meets steam parameter of current biomass boilers, and thus are used as probe temperature of main experimental runs. Then, the time-dependent deposition behavior of both woody and herbaceous biomass fuels was thoroughly studied by collecting ash deposit with various time-consumption. The deposition rate variation with respect to the time exhibits as follows: at an initial beginning the rate is quite high; then it becomes decreasing and later increases again to the initial level; finally, the rate increment slows down. For a point of micro-scale view, the competition between condensation-nucleation mechanism and impact-melting mechanism was the reason for the recurrent deposition rates along the time. Based on the composition analysis of samples, the reactive potassium (K) was found as the key ash-forming element that subsequently affects the deposit formation. Thirdly, the effect of the potassium on ash deposition was extensively discussed by introducing the atomized solution of potassium acetate into the flame zone of one-dimensional combustor to control potassium concentration in flue gas [3] . The results indicated that the deposit tendency is linearly dependent to the potassium concentration in flue gas. Morphological and chemical analyses of ash deposits further verified the role of potassium in deposition process. The significant increase of deposition tendency can be attributed to two routes: (1) the combination of aluminosilicate with the potassium that forms new eutectics with a lower melting temperature; (2) the condensation of potassium gas as well as the adhesion of potassium submicron particle on the surfaces of big particles or probe that even increases the work of adhesion between big particles [4] [5] [6] . Finally, two kinds of Chinese coals, containing greatly different content of kaolinite, were used to co-firing with various biomass streams. The results indicated that, the high-kaolinite containing coal is effective to capture the potassium from flue gases. The change of ash deposition tendency during co-combustion can be attributed to the combination of the kaolinite from coal and the potassium from biomass, which formed the new eutectics with a lower melting temperature. In this work, it was found that the deposition tendency is decreased when co-firing straw and high kaolinite coal, but is increased when co-firing straw and low-kaolinite coal [7] . It can be explained that the reaction of kaolinite and potassium inhibits the condensation-nucleation mechanism, but enhances the impact-melting mechanism.
Mechanism of Deposit Formation
The alkali metals and chlorine of the biomass are basic reason to cause serious ash deposition in the heater surface of the boiler during the co-combustion of biomass and coal. Through the comprehensive analysis to the process and the mechanism of the ash deposition, it is found that the release of the alkali metals and Cl play an important role in the process of ash deposition, and the different types of fuel ash will react with each other when co-combustion. The alkali chlorides released in gaseous form may be sulfated by SO2, or react with the coal minerals and produce alkali metal aluminosilicate with the high melting point, which can suppress the ash deposition in the surface of the boiler to some extent. Also the influence factors of the ash deposition characteristics are discussed during the co-combustion, that the fuel characteristics, the biomass share of the blends and combustion temperature are significant [8] . As a renewable energy source, biomass energy has large reserves and little pollution and CO2 emission are produced in the use of biomass. Using biomass in large-scale will help alleviate the energy shortage, environmental pollution and greenhouse gas emissions issues nowadays. However, due to the high content of alkali metal in biomass, the use of biomass in the combustion process can easily cause severe ash deposition and corrosion problems. Therefore, research on the transformation and deposition of alkali metal in biomass combustion is of importance to solve the ash deposition and corrosion problems in biomass boilers and enlarge the scale of biomass utilization. In this paper, the Gibbs free energy criterion was used to analyze the possible reactions of alkali species in biomass combustion and the transformation pathways of alkali metal was discussed. In addition, the behavior of alkali metals have been predicted by thermodynamic equilibrium calculations based on Gibbs free energy minimization model. The results show that when temperature is below 600°C, alkali metals are in solid species, such as K2O•2SiO2, KCl, K2SO4, Na2CO3, Na2SO4, Na2SiO3, etc. When temperature is above 600°C, alkali species appear in gas phrase in the form of alkali chloride. Above 1000°C, alkali hydroxide may also appear in gas phrase [9] . The effect of Cl、S、Si、Al on the behavior of alkali metals in biomass combustion was also investigated by thermodynamic equilibrium calculations. It shows that Cl can promote the release of alkali metals while S, Si, Al probably inhibit the release of alkali metals. The optimal S/(K+Na) molar ratio is about 1 and optimal Al/(K+Na) molar ratio is approximately equal to 1.5. Although the additional Si can reduce the volatilization of alkali metals, the amount of silicate with low melting point will also increase. Thus, Si has little effect on the alleviating ash deposition problem. Ash samples taken from high and low temperature superheaters of a straw boiler was analyzed combined with the results of the thermodynamic calculations [10] . The results show that the main reason of ash deposition on superheaters of the boiler is that gaseous alka li species condense on superheater tubes and absorb SO2 in flue gas. By comparing the ash samples from high and low temperature superheaters, it is found that the sulfation of alkali chloride is more likely to happen in high temperature superheater region.
Problems of Deposit Corrosion
With economic development, oil, coal and natural gas resources are increasingly strained. "Greenhouse effect" and other environmental issues attract more and more attention. Second only to oil, coal and natural gas, biomass is considered as the fourth largest energy, which becomes the focus of research and attention, especially in the boiler of straw [11] . The straw boiler superheater generally exists with the problem of deposition severely. This thesis uses fluent software to processed numerical simulation for the superheater of 75t/h straw boiler in some plants. Based on the high temperature superheater model simplified appropriately, the physical model of high-temperature superheater is created. The split, partial encryption technology is adopted to mesh the superheater and a high quality mesh is obtained. The flow of superheater area is gas-solid flow. With numerical simulation for gas, we use the standard k-ε model and SIMPLE calculation [12] . Through the boundary conditions set, the velocity field is obtained. Through the analysis of the velocity field, parts of superheater tube foul are gained. For the numerical simulation of the solid phase, the particle trajectory model is used. The trajectory of the particle simulation is based on the gas phase [13] . In this thesis, the same size particle trajectory with different wind speeds and the different size particle trajectory with same wind speeds are studied. The conclusion that the small size particles are easily to foul on the first part of the superheater and the right part of the superheater are easily wear by the big size particles is gained. Based on the numerical simulation results, the soot blower is transformed and good results are obtained. So the correctness of the numerical simulation is verified. According to the condition of serious ash deposition of tail heating surface for a biomass-fired boiler, combined with the biomass feedstock characteristics and biomass boiler operating conditions, the influencing factors of heating surface ash formation mechanism and ash deposition were analyzed for biomass-fired boiler．The result showed that heating surface ash deposition would exit when biomass fuel characteristics and boiler combustion mode were not changed ． Combined with biomass direct combustion boiler operation, measures, such as optimizing heat surface and flue structure improvement, were put forward to solve ash deposition of tail heating surface and it proved to achieve better results in optimization and improvement of a biomass-fired boiler．
Conclusion
Inorganic constituents like relatively active K and Cl in biomass are released during combustion. This may cause deposit formation on heating surface in boilers, which reduces heat transfer and bring about corrosion. These problems may eventually result in unscheduled plant shutdown in order to repair the system. This review article presents the investigations on deposition and high-temperature corrosion. Problems have been identified, mechanisms explained and solutions indicated. Among the technologies that can be applied to biomass combustion, fluidized beds are emerging as the best. Further research and development is needed to study critical problems of deposition and high-temperature corrosion.
